Brain src protooncogene is expressed in two forms, one identical to message in other tissues, and one containing an 18-nucleotide insert specific to brain. We have mapped mRNA for the two forms of src in rat brain with selective antisense oligonucleotide probes to the brain (src+) and peripheral (src-) forms. Fetal rat src mRNA levels were much higher in the central nervous system than any peripheral organ. In adult brain, src+ mRNA level was highest in the internal granular layer of the olfactory bulb, pyramidal cells of the hippocampus, granule cells of the dentate gyrus, and cerebellar granule cells. src+ and src-levels were similar in hindbrain, but src+ levels were higher than those of src-in forebrain. These distributions suggest that src+ may play roles in a number of neural processes, possibly including neuronal plasticity.
While viral oncogenes were originally identified because of their ability to cause transformation of cells, they are now known to be closely related to cellular oncogenes, which are expressed in normal tissues (1) . Several oncogenes are most highly expressed in mammalian brain (2)-the one adult tissue in which the major cellular constituent (the neuron) never divides. c-src, one of the best studied oncogenes, encodes a tyrosine kinase located on the inner surface of the cell membrane (2) . The c-src oncogene probably does not induce proliferation in vivo, but rather may be involved in control of differentiation and cell to cell communication (3, 4) . c-src is expressed at high levels in both fetal and adult brain (5) (6) (7) (8) (9) (10) (11) (12) . Brain c-src message is expressed in two forms, one identical to c-src in other tissues, and an additional form not present in other tissues, containing an 18-nucleotide insert between exons 3 and 4, which may alter c-src protein (ppc60src) phosphorylation (13) (14) (15) (16) . This brain-specific form has been termed c-src+ (13); we refer to the form without the insert as c-src-. The functional significance of this insert, as well as of c-src expression in general, in brain is little understood.
Insight into the function of a number of brain proteins has been derived from mapping their regional localizations (17) . To clarify the role of c-src in mammalian brain, we have localized its mRNA by in situ hybridization. We report a neuronal localization of both c-src+ and c-src-mRNA and describe regional variations in expression with implications for function.
MATERIALS AND METHODS
Rats (175-250 g, male Sprague-Dawley) were anesthetized with sodium pentobarbital and perfused via the left cardiac ventricle with 50-100 ml of 15% sucrose in 50 mM sodium phosphate buffer (pH 7.4). Brains were rapidly removed, embedded in brain paste, and frozen on dry ice. Sections (12 ,um thick) were cut in a cryostat onto slides coated with gelatin/chrome alum, and stored at -70'C. In situ hybridization was done by methods previously described with minor modifications (18) (19) (20) The hybridization buffer over the sections was covered with §To whom reprint requests should be addressed.
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paraffin film, and sections were incubated in a humid atmosphere overnight at 230C or 370C. In some control experiments, this incubation was carried out in the presence of 100-fold excess unlabeled probe. The next day, sections were washed in three changes of 1x SSC at 550C for a total of 1 hr. In melt curve experiments, sections were washed at 550C in lx SSC with various amounts of formamide: 15% (approximating a wash temperature of 650C), 30% (approximating 750C), 45% (approximating 850C), or 60% (approximating 950C). Sections were washed for a further 30 min in 1x SSC at room temperature, dipped once in cold water, and dried under a stream of cool air. Sections were apposed to x-ray film for 3-7 days. Some sections were apposed to coverslips coated with Kodak NTB3 emulsion and exposed for 4 weeks.
For Northern blots, probes were labeled with [32P]dATP (5000 Ci/mmol), using terminal transferase, to a specific activity of -40,000 Ci/mmol. RNA was purified by acid guanidinium/phenol/chloroform extraction, fractionated on a 1% agarose gel with 0.66 M formaldehyde as denaturant (19) , and transferred to nylon membranes (Nytran, 0.45 Am;
Schleicher & Schuell). Conditions for hybridization and washes of these Northern blots were the same as for in situ experiments.
For src immune complex kinase assays, a modification of the method of Resh and Erikson (21) 
RESULTS
We observed striking regional variations in the distribution of antisense src+ probe binding in brain (Fig. 1) To ascertain whether c-src+ mRNA localized to neurons, we destroyed intrinsic neurons of the hippocampus by localized injections of ibotenic acid (Fig. 3) . In unlesioned hippocampus, c-src+ mRNA was highly concentrated in pyramidal layers CA1-CA4 and in the dentate gyrus. Label over all of these layers was eliminated by ibotenic acid treatment, indicating that c-src+ mRNA was localized to intrinsic neurons of the hippocampus. The neuronal localization of c-src+ message was further supported by microscopic autoradiograms of emulsion-dipped slides showing silver grains localized over neuronal profiles (data not shown). After the injection of ibotenic acid, there was (Fig. 3) . c-src-message was also localized to intrinsic hippocampal neurons in unlesioned brain and to glial cells after the lesion (data not shown).
There was marked regional variation in c-src+ message expression (Figs. 4 and 5) . Highest levels of probe binding were observed in the internal granular layer of the olfactory bulb (Fig. 4) , CA1-CA4 pyramidal layers of the hippocampus and the dentate gyrus (Figs. 4 and SC) , and the granule cell layer of the cerebellum (Figs. 4 and 5 A and B ). Other areas with substantial amounts of src' mRNA were as follows: in the olfactory bulb, the internal granule cell layer, the internal plexiform layer, and the mitral cell layer (Fig. 4) ; in the forebrain, the tenia tecta, indusium griseum, islands of Calleja, and piriform cortex (Fig. 5 C and D) ; in the diencephalon, the magnocellular paraventricular and supraoptic nuclei, suprachiasmatic nucleus, ventromedial nucleus, and dorsomedial nucleus; in the midbrain, the periacqueductal gray; in the pons, the pontine nuclei (Fig. 4) ; and in the medulla, the nucleus of the tractus solitarius and vestibular nuclei (Fig. SA) . The pineal was also labeled (data not   FIG. 4 . Distribution of src' antisense probe hybridization to adult rat brain in sagittal section. Highest densities of label are in olfactory bulb, hippocampal pyramidal layers and dentate gyrus, and cerebellar granule cell layer. Lowest gray matter densities are in pons and medulla. White matter of corpus callosum is only slightly above background. Cb, cerebellum, CC, corpus callosum; FC, frontal cortex; Hipp, hippocampus; OB, olfactory bulb; PC, piriform cortex (with adjacent islands of Calleja); PN, pontine nucleus; RF, reticular formation.
shown). In general, the extent of labeling appeared to parallel local neuronal packing density.
To compare the localizations of src' and src-expression, we conducted in situ hybridization studies with radiolabeled src+ and src-antisense probes in adjacent coronal sections (Fig. 5) . Both probes elicited intense labeling of the granule cell layer of the cerebellum. However, while src+ displayed high densities ofbinding in the hippocampus, cerebral cortex, and other forebrain areas, the src-probe (labeled to the same specific activity) resulted in substantially less binding to these forebrain structures.
To evaluate regional variations in src+ and src-protein, we used immunoprecipitation with monoclonal antibodies and an in vitro kinase assay (Fig. 6 ). Marked regional variations were observed in levels of src+ protein, with highest concentration in the hippocampus and olfactory bulb and lowest levels in the pons, resembling regional variations observed by in situ hybridization. By contrast, levels of src-protein were fairly similar in different brain regions. These results are consistent with those of others (16, 22 (5, 7, 8, 10) , and src+ appears to be specific to the central nervous system (11, 13, 15, 16) . Moreover, the neuronal localization we observed for c-src mRNA is consistent with the localization of c-src protein in neurons and in neuronal cells in culture (6, 9, 10, 14, 15) . Our observation of very high c-src message in fetal rat brain as contrasted to low levels in peripheral tissues fits with other studies of src mRNA and protein levels in the course of development (7, 8, 12, 21, 22 to a form of phospholipase C (29), critical to the inositol phospholipid second messenger system. c-src has been implicated in junctional cell to cell communication and in the differentiation of PC12 cells into a "neuronal" pattern (3, 4) . c-src protein is also selectively enriched in growth cones of developing rat brain (30) . Thus, postulated roles for src include involvement with neuronal differentiation and synaptic plasticity as part of an intercellular signaling pathway.
src+ mRNA and protein were relatively more concentrated in the forebrain with more pronounced regional variations than src-. Other workers have also observed higher forebrain levels for src+ (16) with a selective neuronal localization (6, 9, 10, 14, 15, 22) . Thus, postulated roles of src in synaptic plasticity more likely involve (src+) than (src-) forms.
